ABSTRACT. Juvenile estuarine gastropods (Clithon retropictus), maintained in ultraviolet ray-irradiated recirculating artificial seawater with a salinity of 20 at 28°C, preserved thermostable direct hemolysin (TDH)-producing strain D-3 of Vibrio parahaemolyticus at a level of 10 4 -10 5 colony forming units per gram (cfu/g) and TDH-non-producing strains N-18 and R-13 at a level of 10 1 -10 2 cfu/g in the alimentary tract for at least 21 days after ingestion. In adults, the numbers of the three strains decreased to a level of 10 0 cfu/g within 21 days under the same conditions. This evidence supports our recent observations that TDH-producing strains increased to a high level in the summer months in the presence of high levels of TDH-non-producing strains in the alimentary tract of juvenile C. retropictus at estuaries in Japan. Lymnaea stagnalis to Trichobilharzia ocellata [14] . Also, hemocytes of juvenile L. stagnalis were shown to be less differentiated in morphology and less active in a lysosomal enzyme, peroxidase, than those of adults [1] . Based on these findings, the present study was done to confirm that juvenile C. retropictus could preserve TDH-producing strains at higher levels than adults and that juveniles could preserve TDH-producing strains at higher levels than TDHnon-producing strains.
Lymnaea stagnalis to Trichobilharzia ocellata [14] . Also, hemocytes of juvenile L. stagnalis were shown to be less differentiated in morphology and less active in a lysosomal enzyme, peroxidase, than those of adults [1] . Based on these findings, the present study was done to confirm that juvenile C. retropictus could preserve TDH-producing strains at higher levels than adults and that juveniles could preserve TDH-producing strains at higher levels than TDHnon-producing strains.
MATERIALS AND METHODS
Gastropod: Adult and juvenile C. retropictus, 3.0-4.8 g and 0.2-0.9 g weight, respectively, were maintained in aquaria with tap water at 28°C for one week and confirmed non-detectable for V. parahaemolyticus before experiments.
Bacteria: V. parahaemolyticus strains D-3 (TDHp r o d u c i n g ; n a l i d i x i c a c i d -r e s i s t a n t ) , N -1 8 (TDH-non-producing; nalidixic acid-resistant) and R-13 (TDH-non-producing; rifampicin-resistant) [9] were grown in Trypticase Soy Broth (Difco, U.S.A.) containing 1% NaCl at 37°C for 8 hr with shaking. The cells were washed with 20 artificial seawater [9] and suspended at approximately 10 6 cfu/ml in the artificial seawater. Inoculation: A hundred gastropods were incubated in 100 ml of the bacterial suspension containing a single strain in 20 artificial seawater at 25°C for 24 hr with aeration. Then they were washed with distilled water to remove the strains attached to the surface and maintained in aquaria with 30 l of UV-irradiated, recirculating, 20 artificial seawater at 28°C for up to 21 days. Cultured diatom algae, Navicula strain F-1 [2] , were fed to the gastropods throughout the study. Every 10-15 gastropods were sacrificed at appropriate time intervals to obtain homogenates of the alimentary tracts attached to mid-gut Thermostable-direct hemolysin(TDH)-producing strain of Vibrio parahaemolyticus is a potential pathogen of human gastroenteritis. The strain was detected at the highest level of 10 5 colony forming units per gram (cfu/g) from a neritid gastropod (Clithon retropictus) at a site of the Hashizu estuary in Japan where juveniles, less than 1.0 g weight, were predominant in a C. retropictus community. It was not, however, detected at sites of the estuary where adults, more than 3.0 g weight, were predominant [5, 8] . C. retropictus, 1.5-2.5 g weight, was observed to preserve TDH-producing strain D-3 at highly variable levels, between 10 1 and 10 4 cfu/g, for at least 21 days and to decrease TDHnon-producing strain R-13 irregularly to a level of 10 2 cfu/ g or less in 21 days in the alimentary tract when it was maintained in ultraviolet ray (UV)-irradiated recirculating artificial seawater with a salinity of 15 [9] . Hemocytes of juvenile C. retropictus were less differentiated in morphology [4, 12] and less active in chemotaxis to V. parahaemolyticus strains [10] and lysosomal enzymes [11] than those of adults. From these observations, it seems that the gastropod, in the weight range of 1.5-2.5 g, has an immature defense system for eliminating TDH-producing strains.
Age-related susceptibility of gastropods is well known in some trematode infections. Loker et al. [13] showed that in a freshwater gastropod, Biomphalaria glabrata, exposed to 10 miracidia each of Echinostoma paraensei, the rate of gastropods having intraventricular sporocysts of E. paraensei as well as the rate of the gastropods heavily parasitized with large numbers of daughter rediae decreased with increasing size of the gastropod, and that large gastropods more effectively encapsulated and destroyed E. paraensei than small ones. A similar age-related susceptibility of gastropods to trematode infections was observed in B. glabrata to Schistosoma mansoni [15] and in glands in 35 artificial seawater using a Polytron 10ST (Kinematica, Switzerland). Viable counts of the strains in the homogenates were estimated by plating on Bromothymol Blue-Lactose Agar (Nissui, Japan) plates supplemented with 5% NaCl and 5 µg/ml nalidixic acid or rifampicin after incubation at 37°C for 18 hr [9] and expressed as cfu/g of the homogenates. The experiments were repeated 3 times. Viable counts of the test strains in the specimens at each time were expressed as a geometric mean of three experiments.
RESULTS
Adult and juvenile C. retropictus ingested TDHproducing strain D-3 or TDH-non-producing strain N-18 or R-13 of V. parahaemolyticus and were maintained in UVirradiated recirculating 20 artificial seawater at 28°C for up to 21 days. In adults (Fig. 1) , the numbers of the three strains detected in the alimentary tract of the gastropod decreased to a level of 10 0 -10 1 cfu/g within 21 days. In juveniles (Fig. 2) , strain D-3 survived in the alimentary tract at a high level of 10 4 -10 5 cfu/g for 21 days, while the numbers of strains N-18 and R-13 decreased gradually to reach a level of 10 1 -10 2 cfu/g at the 21st day. The standard deviations of the geometric means of the levels of strain D-3 were 0.08-0.74 in adults and 0.12-0.70 in juveniles while those of strains N-18 and R-13 were less than 1.56 and 1.61 in juveniles and less than 1.81 and 0.84 in adults, respectively.
DISCUSSION
Juvenile C. retropictus was found to preserve the TDHproducing strain D-3 of V. parahaemolyticus in the alimentary tract at a level of 10 4 -10 5 cfu/g, more than 100 times as much as those of the TDH-non-producing strains N-18 and R-13 at the 14th day. Strain D-3 was previously found to survive with strain R-13 without competition in the alimentary tract of gastropods with a weight range of 1.5-2.5 g [9] . V. parahaemolyticus was previously detected at the highest level of 2.3 × 10 5 cfu/g from C. retropictus at a site of the Hashizu estuary in a molluscan community where juveniles were predominant, in which TDH-producing strains accounted for approximately 20% [5, 8] . The numbers of TDH-producing strain increased from a nondetectable level to 2.0 × 10 3 cfu/g in 2 months on and after July 1991 in gastropods at a juvenile-rich site of the Sada estuary in Japan in the presence of TDH-non-producing strains [3] . Therefore, even if the number of TDH-producing strain is less than 1% of the TDH-non-producing strains in estuarine environments [16] , the former would be concentrated at the highest level of 10 5 cfu/g in the alimentary tract of juveniles by repeated passages in summer when the gastropod is high in feeding activity.
In adult C. retropictus the three strains decreased to a level of 10 0 cfu/g in 21 days. Strain D-3 was a little later in decreasing than strains N-18 and R-13. Thus the role of adults in supporting the selective survival of TDH-producing strains seems to be negligible. However, if these strains would experience evident defense reactions in the neritid gastropods, they would be eliminated within few days in the UV-irradiated recirculating system. In fact, strains D-3 and R-13 were eliminated from two marine neritid gastropods, Nerita albicilla and Heminerita japonica, maintained in 35 artificial seawater only 4 days after ingestion [6, 9] . Thus, adults seem to retain some of the juvenile's characteristics in preserving TDH-producing strains.
Strains D-3 and R-13 survived in C. retropictus with an intermediate weight range of 1.5-2.5 g at the highest levels of 10 4 and 10 2 cfu/g, respectively, though the levels were highly variable [9] . The weight range of the gastropod examined in the present study, 3.0-4.8 g (adult) and 0.2-0.9 g (juvenile), gave the viable counts of the strains with small standard deviations, so our observations were sufficient to evaluate the character of juveniles and adults. The gastropod ingested TDH-non-producing strains to a level of 10 5 -10 6 cfu/g and decreased to 10 0 -10 2 cfu/g within 21 days in the UV-irradiated recirculating system. No strain was detected in the water of the aquaria throughout the study (data not shown). The gastropod ate the algae within a few days so algae were supplied every few days. Therefore, the gastropod could hardly ingest the test strains after the initial ingestion. In other words, TDH-nonproducing strains detected from the gastropod at the 14th day or later at a level of 10 2 cfu/g or less seem to be from colonies in the alimentary tract. However, TDH-nonproducing strains were detected at the highest level of 10 5 cfu/g from the gastropod and its foods, microalgae, at the estuaries [3] . Therefore, the gastropod at the estuaries would ingest the strains with the microalgae repeatedly and accumulate them in the alimentary tract at higher levels than colonization capacity.
